Vacuolar chloride regulation of an anion-selective tonoplast channel.
Fluctuations in intravacuolar chloride concentrations affected the tonoplast inward (anion flux into the vacuole) currents of sugar beet (Beta vulgaris). Rising vacuolar chloride concentrations induced increases in the levels of nitrate, acetate and phosphate inward currents. These currents, evoked at physiological vacuolar potentials, showed a linear relationship with the concentration of vacuolar chloride between 6 and 100 mM. Single channel currents revealed that rises in vacuolar chloride increased the frequency and probability of channel openings at a given tonoplast potential by reducing the mean closed time of the anion channel. In addition, there was an increase in the gating charge for the channel and a decrease in the free-energy favoring the transition of the channel from the closed to the open state. Vacuolar chloride had a very different effect on malate currents. Increasing chloride concentrations resulted in decreased frequency and open probability of the channel openings, a decrease in the gating charge and an increase in the mean closed time of the channel. Our results support the role for vacuolar chloride concentrations regulating the influx of anions into the vacuole, in addition to osmoregulation. The activation of channel activity by chloride will provide a pathway for the storage of nutrients, such as nitrate and phosphate into the vacuole, while the reduction of the malate currents will allow the use of malate for mitochondrial oxidation and cytoplasmic pH control.